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Definitions and Abbreviations

	Term
	Definition


	near-end
	Car under test; this is the side of the telephone line which contains the hands-free system under test.

	far-end
	The end of the telephone line which is opposite to the near-end.

This is either a landline station (for car to land communication) or an observing car (for car to car communication).

	send direction
	the telephone signal sent from the car under test to the far-end

	receive direction
	the telephone signal received in the car under test


Introduction

Beside objective testing of hands-free telephones (see e.g. ‎[1] ) also a subjective performance evaluation is necessary.

For conducting the tests the hands-free system under test has to be installed in the target car, which will be referenced here in the document as near-end. As far-end either serves a landline phone (car to land test) or an observing car equipped also with the hands-free system under test (car to car test). It is recommended to not only test the hands-free system in a landline connection but also in a connection car to car because the latter case can be regarded as a worst case scenario resulting in worse hands-free quality compared to landline connections.

The evaluation of the hands-free performance should be done for different background noise scenarios, such as different driving speeds, fan/defrost settings, etc).

Since conversational tests are rather time consuming most of the hands-free tests are conducted as single-talk and double-talk tests following a clear given structure. 

The evaluation is done at the far-end and/or the near-end, depending on the type of the test category. 

To conduct the tests as effective as possible it is advantageous to use a tool providing the test persons on both sides of the telephone connection with the detailed test procedure and the possibility to easily doing the rating.

The performance evaluation of the hands-free system covers categories like

· echo cancellation (echo intensity, speed of convergence, etc.)

· double talk performance (echo during double talk, speech level variation, etc.)

· speech and background noise quality in sending direction (level, level variation, speech distortion, etc)

· speech quality in receiving direction (level, level variation, speech distortion)

· stability of the echo canceller for “closed loop” connection when doing car to car hands-free communication.

For the evaluation some ITU-T recommendations can serve as guideline, such as ‎[2], ‎[3] and ‎[4]. The judgment is done according to rating scales given for each test case. The offered rating scales are of MOS type having grades 1 to 5 to be chosen from were 5 denotes “best” and 1 denotes “worst” quality. Some of the rating scales are designed for a more diagnostic purpose (e.g. “echo duration”). 

The evaluation has to be done by experts who are experienced with subjective testing of hands-free systems.

During the tests the signals on near-end and far-end may be recorded to be used later on for third-party listening evaluation.
Table 1 and Table 2 show possible test scenarios and rating categories.

Table 1: Overview of Car to Landline Tests

	Echo Canceller
	Rating

	Single Talk,
	3 different driving scenarios
  (Germany: 0 kph, 100 kph, 160 kph)

Fan/defrost (off or „worst case“)

Receiving volume:
  nominal, maximum, varying

Enclosure dislocation
	Disturbance caused by echo

Echo characteristics:

· Intensity

· Duration

· Frequency of occurrence

Background noise variation

	Double Talk
	3 different driving scenarios
  (Germany: 0 kph, 100 kph, 160 kph)

Receiving volume:
  nominal, maximum, varying

Enclosure dislocation


	Disturbance caused by echo

Echo characteristics:

· Intensity

· Duration

· Frequency of occurrence

Speech level variation

Speech intelligibility / listening effort

	Conversation
	0 kph


	Disturbance caused by echo

Echo characteristics:

· Intensity

· Duration

· Frequency of occurrence

Speech level variation

Speech intelligibility / listening effort

	Speech and Background Noise Quality (Sending Direction)
	Rating

	Stationary Noise
	3 different driving scenarios
  (Germany: 0 kph, 100 kph, 160 kph)

Driver’s window closed/opened

Several fan settings


	Speech level

Speech level fluctuation

Speech sound quality

Intelligibility / listening effort Speech naturalness

Background noise quality

Signal to noise ratio

	Transient Noise
	Fan: switching on/off/change setting

Indicator noises, wiper noise
	Background noise quality

Adaptation to background noise

	Speech Quality (Receiving Direction)
	Rating

	Single Talk far-end
	Maximum receiving volume

New call
	Speech level

Speech sound quality 

Speech intelligibility / listening effort


Table 2: Overview of Car to Car Tests

	Echo Canceller
	Rating

	Single Talk
	3 different driving scenarios
  (Germany: 0 kph, 100 kph, 160 kph)

Fan (off or „worst case“)

Receiving volume:
  nominal, maximum, varying

Enclosure dislocation


	Disturbance caused by echo

Echo characteristics:

· Intensity

· Duration

· Frequency of occurrence

Background noise variation 

	Double Talk
	3 different driving scenarios
  (Germany: 0 kph, 100 kph, 160 kph)

Receiving volume:
  nominal, maximum, varying

Enclosure dislocation


	Disturbance caused by echo

Echo characteristics:

· Intensity

· Duration

· Frequency of occurrence

Speech level variation

Speech intelligibility / listening effort 

	System Stability (Car to Car)
	Rating

	Stability
	Receiving volume:
  nominal, maximum

Test signal: speech or impulse like excitation


	Stability

Echo characteristics:

· Intensity

· Duration

· Frequency of occurrence

	Speech and Background Noise Quality (Sending Direction)
	Rating

	Stationary noise
	3 different driving scenarios
  (Germany: 0 kph, 100 kph, 160 kph)


	Speech level

Speech level fluctuation

Speech sound quality

Speech intelligibility / listening effort Background noise quality

Signal to noise ratio


Test Environment and Equipment

Figure 1 and Figure 2 outline the test environment for the test scenarios car to landline and car to car. In both test scenarios the supervisor is located on the far end, i.e. landline or the observing car, respectively. He is guiding through the test procedure and doing most of the test evaluation.
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Figure 1 Hands-free test car to landline
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Figure 2: Hands-free test car to car

Required test equipment:

· Car equipped with the hands-free telephone system under test 

· For car to car tests, both vehicles should be identical in terms of make, model, model year, and hands-free system.
· Appropriate recording equipment is needed at the landline station and the car for documentation purposes and if third-party listening tests are required later on.

Further requirements:

· The tests have to be conducted by expert listeners 

· The hands-free tests have to be conducted in areas with good cellular coverage

· Some cell-phone networks have an influence on the hands-free performance (e.g. echo, AGC, noise reduction, etc). These networks should not be chosen for the tests if possible.

· Both the far-end and the near-end participant should be familiar with each other’s voice

· For the duration of the tests, there should be no change in the driver, front-passenger, or landline speaker.

A description of the testing environment should be provided and should contain the following information:

· Car brand, model, model year, interior trim (cloth or leather)

· Mobile telephone type and SW version

· Telematics microphone – description, location, orientation, distance to driver

· Network provider

· HW and SW version of the hands-free device under test

· HW and SW version of all devices which are part of the sound system

Background Noise and Driving Situations

For the tests several different driving and background noise scenarios should be considered which correspond to the main operating conditions of the hands-free system. Additionally some worst case scenarios might be regarded.

For the driving scenarios this implies that the scenarios might differ for different countries depending e.g. on the national speed limit for cars.

As example the following scenarios for different driving noise levels could be used (Germany):

· “low”:

    0 kph

· “medium”: 
100 kph

· „high“:

160 kph

For countries with speed limit the maximum allowed speed might be used with additionally the climate control switched on to an appropriate level.

Additionally to the driving scenarios also some different settings of the fan/defrost/climate control are useful background noise cases. As “worst case” scenario a setting of the fan might serve where the air stream directly flows to the hands-free microphone in the car. 

Test Documentation

· After each test, a rating of the performance is done by referring to the given rating scales 

· At the beginning of every test, one of the test participants announces the test number (this is done for recording purposes)

· Audio signals should be recorded for documentation purposes:

· On landline: Telephone audio recording  of uplink and downlink signal

· In the observing car: Binaural recording 

· In the car under test: Binaural recording 

Notes on Performance Rating
For the ratings the following items should be considered:

· The listeners who do the ratings have to be experienced with hands-free telephone systems.

· Limitations of the network have to be taken into account, e.g. for rating the hands-free system when the network’s voice codec quality depends on the telephone connection traffic (e.g. CDMA).
· The offered rating scales are of MOS type having grades 1 to 5 to be chosen from were 5 denotes “best” and 1 denotes “worst” quality.

· Some of the rating scales are designed for a more diagnostic purpose (e.g. the “echo duration”).
_____________
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